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ABSTRACT 
Sweet dry whey was used to replace 25% and 50% of nonfat 
dry_ milk solids in ice cream mix . . Forty-five batches experimental 
and control lots of vanilla ice cream were manufactured. A 
commercial lactase was used to hydrolyze lactose to over 90% 
conversion and the lactase was inactivated after hydrolysis. The 
extent of lactose hydrolysis in the mix was adjusted to 50% or 
75% by blending non-hydrolyzed nonfat dry milk and whey solids with 
hydrolyzed preparations. Extra sweetness of the conversion 
products pennitted reduction of sucrose by 6.25% and 12.5%, 
respectively, in the 50% and 75% hydrolyzed lactose ice cream 
mixes. Total solids of the hydrolyzed ice cream mixes were kept 
constant by adding nonfat dry milk and whey solids in lieu of the 
sucrose omitted. Each individual mix was pasteurized at 11°c for 
30 minutes, homogenized, aged, frozen in a batch freezer, 
packaged in 1.8 liter packages, and stored at -10°c after 
hardening at -29°C. 
Sensory evaluations of flavor and body and texture were made 
after 24 hours of hardening, 7 days of storing, and at monthly 
intervals for 5 consecutive months. There appeared to be no 
differences in sensory qualities between control, whey containin~, 
and hydrolyzed lactose batches. The non-hydrolyzed whey batches 
had coarseness/icy criticism after 4 months of storage. Freezing 
point determination, compositional analyses, and other 
laboratory tests were carried out for the overall evaluation of 
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the physical and chemical properties of the manufactured ice 
cream. There were significant differences in freezing points of 
control and the experimental batche~. The protein percent varied 
from 3.76 to 4.24% in the 25% whey and 3.08 to 3.45% in the 50% 
whey batches. The highest ash content in 75% hydrolyzed lactose 
batches with whey supplying 50% of the milk solids-not-fat was 
1.24% in comparison to 1.02% in the control with no hydrolysis. 
Approximate cost analysis showed that the savings from the 
use of less sucrose and cheaper ingredients compensated for the 
enzyme cost in the hydrolyzed lactose whey-containing batches. 
Thus, the results indicated lactose hydrolysis permits usage of 
relatively high whey solid contents in ice cream, thereby reducing 
costs whilst obviating problems of lactose intolerance and 
sandiness defect. 
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INTRODUCTION 
Hydrolysis of lactose in dairy products is becoming more 
and more familiar. Hydrolysis of th~ lactose in ~hey and other 
milk products results in their having physical and chemical 
properties of interest to dairy manufacturers. These 
properties include reduced lactose crystallization, increased 
carbohydrate solubility, increased sweetness, decreased 
viscosity, greater moisture retention, and more readily 
fermentable sugars. Further, hydrolyzed lactose products may 
be components of low lactose dairy products which can be 
consumed and utilized by lactase deficient or lactose 
intolerant individuals. Holsinger in 1978 (45) mentioned that 
approximately 70% of the world's adult population is lactose 
intolerant. For Asian countries, the incidence of lactase 
deficiency or lactose intolerance is even greater. The amount 
of the enzyme 11 lactase 11 in one's digestive system may be 
genetically determined or lactose intolerance may be due to a 
gradual decline in lactase enzyme activity because of the lack 
of continued substrate challenge as the milk intake decreases 
drastically as a child grows older (11, 55, 82). 
The dairy industry currently faces a problem of considerable 
magnitude regarding proper disposal or, preferably, fruitful 
utilization of whey. Previously, whey was mainly used as 
livestock feed, as a social drink, or as a preservative medicine; 
but in recent decades it has been treated as waste product and 
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has been a major environmental pollutant. In 1979, 
approximately 31,578 million pounds of milk fat equivalent 
was used for the production of cheese in the U.S.A., which was 
25.5% of the total milk supply (109). Also, the per capita 
sales of cheese increased by 67% during the years between 1969 
and 1979 (63). Whey production has thus been increased without 
proportionate increase of whe·y consumption. 
Arbuckle (4) stated approximately 11 million tons of whey 
containing 750,000 tons of milk solids are produced in U.S. 
yearly. About 801 of the whey is from whole milk cheese and 
20% comes from cottage cheese manufacturers. It is estimated 
that just over one-half of this residue is disposed as waste. 
Efforts are under way to use whey as an optional food ingredient 
for providing over 300,000 tons of food nutrients. 
Much research has been carried out to develop different ways 
for proper utilization of whey. Among them, the use of whey 
solids to replace up to 25 percent milk solids-not-fat in ice 
cream is permitted by ice cream standards of identity (29). 
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In ice cream, whey is being used per~ or in other available 
forms such as demineralized, delactosed, deproteinized, concentrated, 
or dried whey. The additional processing methods to derive 
modified whey forms are expensive in terms of required equipment 
and energy. Consequently, only larger commercial processing 
plants can justify the extra expenditure. Unfortunately, use of 
fluid whey in ice cream is limited because of its effect on the 
quality and acceptability of the finished product. 
The objectives of this research were to determine the 
acc_eptabil ity of ice cream having ?0% and 75% hydrolysis of the 
total lactose available in the mix, along with replacement of 
25% . or 50% of nonfat dry milk with sweet dry whey. Secondly, 
since the products of lactose hydrolysis are sweeter than 
lactose, to determine the possibility of reduction of sucrose 
l.evels in the hydrolyzed mixes. 
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LITERATURE REVIEW 
Ice cream is a frozen dessert made from a pasteurized mix 
containing milk solids, sugar, water and other optional 
ingredients such as flavoring, stabilizer, and emulsifier. The 
ice cream mix is frozen while air is incorporated simultaneously 
to make it an edible dairy product. Its composition varies 
from country to country in the world and among U.S. states . 
. According to Arbuckle (3), a good average ice cream contains 
12% milk fat, 11% milk solids-not-fat (MSNF), 15% sugar, 0.3% 
stabilizer-emulsifier, with 38.3% total solids. 
Whey Composition and Properties 
Whey is a by-product from cheese making or extraction of . 
I 
casein from skim milk. About 80% of the whey is from whole milk 
cheese and 20 % from cottage cheese manufacture (4). Sweet 
dried whey is a product derived from enzyme-coagulated whole milk 
cheese and includes most cheese wheys other than that from cottage 
cheese. 
Whey can be incorporated advantageously into various food 
formulations (60) as listed in Table 1. The largest single use of 
whey is in dairy products (109). 
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TABLE 1. Utilization of whey in human food.a 
Whey solids 
Food used( %) 
Dried infant food 25-40 
Beverages 6 
Dried soup and gravy bases 50-75 
Dried culture media 85-97 
Bakery products 3-10 
Confectionery products 4-10 
Frozen desserts 3-4 
Cheese foods 10 
Dry mixes 10 
Contribution of whey solids 
Nutritional, biological 
Fl a vor, body 
Flavor, body 
Nutritiona 1 
Flavor, texture, keeping quality 
Flavor, moisture, whipping propertie~ -
Flavor, fruit stability 
Fl a vor, body 
Tendering, color, carrier of fats, oils 
aMathur, B.N., and K.M4 Shahani. 1979. Use of total whey constituents for human 
food. J. Dairy Sci. 62:99. 
-.....J 
TABLE 2. aComparison of composition of dry sweet whey and nonfat 
dry milk. 
Constituent 
Appro~imate content 
Dry whey NDM 
----------------%-----------------
Water 3.5 3.0 
Total solid$ 96.5 97.0 
Fat 1.1 0.7 
Protein 13.5 35.8 
Lactose 73.9 52.6 
Ash 8.0 7.9 
aArbuckle, W.S. 1979. Whey solids in frozen dessert 
formulations. Am. Dairy Rev. 41(2):50D. 
The nutrients present in whey as compared with those in 
nonfat dry milk (NDM) are approximately as shown in Table 2 (4). 
In this table, dried whey composition is contrasted with that of 
NDM, for which it could be considered a partial substitute as an 
ice cream ingredient. The amounts of fat in the two products are 
similar; but there are different amounts of lactose, minerals, 
protein, and the vitamins. 
Removal of casein by coagulation with acid or rennet leaves 
the soluble whey proteins, lactalbumin and lactoglobulin. At pH 
6.3-6.5, the whey proteins are coagulated at 90°c (36). 
Nutritionally, whey proteins are of even higher quality than 
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casein, having Protein Effi ciency Ratios of 3.0-3.2 versus 
2.5 (87). The small amount of protein in . fluid whey, however, 
makes it an inferior substitute for an ·equal volume of milk from 
the standpoint of total protein content. 
· . Whey proteins are susceptible to heat-denaturation, but they 
form a fine, soft, eas il y dispersible coagulum upon heating (101). · 
Denaturation of whey proteins by heat, drying, or mechanical 
trauma resul ts i n an impairment of functionality (64). Whey 
proteins also ha ve good whipping properties and improve the body . 
of sherbets (77, 102). Whey protein concentrates exhibit 
variable capacities to meet each of the important functional 
requirements of food protein ingredients listed in Table 3 (65)1 
Milk is a good source of calcium, phosphorus, and magnesium, 
but these minerals are slightly reduced in whey because of their 
association with the casein coagulum (98). The calcium content of 
dried whey is approximately half that of NDM and potassium is 
absent from dried whey. The B vitamins, particularly riboflavin, 
are largely retained in whey, so it compares very favorably with 
NDM as a source of vitamins. 
Whey is a good nutritional source for the carbohydrate, 
lactose, which enhances the absorption and mobilization of calcium 
in young children. Its percentage in dried whey is higher than 
in NDM. Lactose accentuates flavors, absorbs pigments, and 
contributes mouth fee 1 property in foods (102). 
9 
10 
TABLE 3. Functional requirements of food protein ingredients.a 
Property Functi ona r terms 
Organoleptic Fl avor, odor, texture, color 
Appearance Turbidity , color 
Hydration Solubili ty, dispersibility, swelling, viscosity 
Surface acti ve Emulsifi ca tion , foaming, whipping, baking 
Structural Elastici ty, cohesion, aggregation, texturization 
Textural Viscosi ty, adhesion, aggregation, texturization 
Rheological Aggregation, gelation, dough formation, extrudability 
Other Compatability with components & processing conditions 
aMorr, C. V. 1979. Functionality of whey protein products. 
New Zea l and J. Dairy Sci. and Technol. 14(2):185. 
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Lactose and Sandiness Defe.ct In Ice Cream 
Lactose is the major component of the so 1 i'ds both in dried 
whey and NDM. The lactose content. of dried whey is nearly one and 
one half times greater than that of NDM. This influences the 
amo~nt of whey which can be used i~ formulating ice cream mix to 
avoid sandiness defect in ice cream. Dalum (19) reported when 
replacing milk sol ids-not-fat (MSNF) with whey sol ids, the ratio 
between lactose and water in the ice cream mix must be no more 
than 10:100 to avoid texture problems from sandiness. 
The main reason for lactose crystallization in ice cream is 
there is insufficient water available under the prevailing low 
temperature conditions to hold the poorly soluble lactose in 
solution (23). The product feels gritty or mealy in the mouth 
when the 1 ength of crystals approaches 30 microns (90); in ice 
cream the phenomenon is known as sandiness. 
A longtime formula used in the ice cream industry to determine 
the amount of milk solids that can be used safely to avoid 
sandiness is to subtract from 100 the sum of the percentage of all 
the solids of the mix except MSNF and divide by the factor 6.4 to 
7.4. Arbuckle (4) reported that under modern conditions factors 
of 5.4 to 6.4 are appropriate in place of 6.4 to 7.4 previously 
used. 
Lactose solubility decreases with decrease of temperature. At 
the beginning of the freezing operation, ice cream mix is normally 
at refrigerator temperatures, 1.6°-4.4°C (35°-4o°F). At this 
temperature range, lactose· concentration in the mix is usually 
below its saturation point (11% lactose). During freezing, the 
la~tose becomes concentrated beyon~· the saturation point as the 
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water of the mix s~arts selectively freezing. Finally, at the 
extfemely low temperatures of the hardening room (-29°c or -20°F) (4), 
lactose becomes supersaturated in the unfrozen ·water and very 
susceptible to nucieation and -crystal growth (92). 
Sandiness defect is also promoted by heat shocking, high 
freezer drawing temperatures, dilute condition of the unfrozen 
water, and presence of crystal nuclei (3). Efficient milk 
clarification methods and effective vegetable and marine gum 
stabilizers have greatly reduced the danger of sandiness in recent 
years (66). It is also recommended that ice cream ingredients be 
clarified to remove possible crystal centers. The vegetable and 
marine gums inhibit the formation of nuclei and thereby inhibit 
the development of undesirably large lactose crystals (92). 
Partial replacement of cane sugar with corn sugar also helps control 
this defect (3). 
Interest in producing high-solids ice cream has developed 
because of consumer demand for low fat ice milk with heavy, chewy 
body and texture, and because of a desire to utilize surplus whey 
solids (18). Thus, avoidance of sandiness is still of 
considerable concern in the manufacture of ice cream containing 
higher percentage of whey. 
_ 13 
Lactase Technology 
Five changes of milk properties occur when lactose in the 
milk is hydrolyzed: 1) lac tose concentration is reduced along 
with a proportionate increase in glucose and galactose; 2) 
inc~ease in sweetness; 3) change in .crystal arrangement, possibly 
affecting textu re; 4) lowered freezing point; and 5) changes in 
viscosity and moisture retention capacity (67). In addition, 
condensation reacti ons between different sugars may occur, 
produc i ng small amounts of oligosaccharides (68). 
The hydrolysi s of l actose may be catalyzed either by acid or by an 
enzyme, s-D-galac tos idase or S-0-galactoside galactohydrolase, 
with an en zyme number 3.2.1.23 (90). Lactase hydrolyzes the 
s-D-galactosid ic bond of lactose and other substrates such as 
ortho-nitrophenyl-S-D-galactoside; both reactions may be used to 
assay lac t ase act i vi ty (68). There has been significant progress 
in the fi eld of l actose hydrolysis over the last few years and 
several processes are at the commercial, near commercial, or 
significant pilot plant development stages. These processes can 
be classified i nto (61): 
i) enzymic hydrolysis where the enzyme remains in the 
· product; 
ii) enzymic hydrolysis where enzyme is recovered from the 
product st ream for reuse; 
ii i )enzymic hydrolysis where the enzyme is immobilized on an 
insoluble support; 
1 65 355 
iv) acidic hydrolysis· using hydrogen ions in solution; 
v) acidic _hydrolysis using cation exchange resin in the 
hydrogen form as the i nso l ub 1 e ca ta·l ys t. 
14 
Enzymatic hydrolysis may be suitable for whole whey as well 
as ~eproteinized lactose solutions,' such as ultrafiltrate. Acidic 
processes, however, are suitable only for hydrolysis of lactose 
in the absence of protein. 
The comme rci al production of enzymes for the hydrolysis of 
lactose and the development of processes which use them have been 
stimulated for two main reasons: the problem of whey utilization, 
and the lactose intolerance of some consumers or potential 
consumers of dairy products. Shukla (90) has comprehensively · 
reviewed the subject of lactase technology. Lactase enzymes 
suitable for industrial processing of whey are available 
commercially as: 
Maxilact 
The enzyme is prepared from the yeast Kluveromyces lactis 
and has a pH optimum of between pH 6 and 7 and a temperature 
optimum about 35°c. 
Lactozyme 750L 
The enzyme is prepared from the yeast Kluveromyces fragilis 
and has a pH optimum of about pH 6.5 and a temperature optimum of 
about 40°C. 
Lactase LP 
The enzyme is prepared from the fungus Aspergillus niger and 
has a pH optimum of about pH 4.8 and a temperature optimum of 
about so0 c. 
6-galactosidase (lactase) occurs naturally in the emulsions 
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of some .Rosaceae, in kefir grai ns, almonds, tips of wild roses and 
seeds of soybeans, alfalfa, coffee as well as molds, yeasts and 
bacteria (76). Whether normal to milk or of bacterial origin, 
the presence or absence of a lactase in milk has not been 
definitely established (103). Pomeranz (76) reviewed the history 
of isolation and purification procedures for this enzyme. The 
lactase preparation should have high activity and low cost, it 
should be active at typical substrate pH and should not be 
contaminated with toxins, lipase, protease, zymase, or lactenin (76). 
Pazeur (74)reported that lactose hydrolysis by lactase results 
in the formation of varying quantities of oligosaccharides in 
addition to glucose and galactose, depending on the conditions of 
the hydrolysis. Two processes have been patented to control the 
hydrolysis of lactose. In one (88), only 5% oligosaccharides are 
formed, and the hydrolysis of lactose to glucose and galactose 
proceeds to an extent of 90%. In the second process (84), the 
hydrolysis of lactose by the lactase enzyme is controlled so that 
· a maximum amount of oligosaccharides is produced, while arresting 
the hydrolysis of oligosaccharides to monosaccharides. 
Crude lactases were obtained from thirty different microbial 
cultures and the lactase activity was analyzed (50). It was noted 
that the optimum enzyme activity depended on substrate lactose 
concentratton, amoun t of l a~tas~ added, time, temperature and 
pH of incubation. 
Wierzbicki and Kos i kowski (110) evaluated 23 
different species or st ra ins of mol ds, yeasts and bacteria for 
lactase activity po tent i al. It was observed that molds produced 
better cell yield tha n yeas t s and bacteria, but that lactic acid 
bacteria had _the highest lactas e activity. 
_ 16 
Using a cheddar cheese wh ey medium at pH 4.0-4.7 and 2a0 c, 
Wendroff, et al. (106) found l actase enzyme was produced by 
Saccharomyces frag i l i s. They concluded that optimum conditions 
for lactase production di ffer considerably from those optimum for 
growth. Maxi mum l ac tase production occurred at pH levels of 4.·o _ 
. to 4.7. Forewarmi ng the substrate at ss0 c for 30 min enhanced 
the degree of hydrolysi s (107). The actual choice of conditions 
will depend upon the food product and the economics involved. 
Early work (108) had shown that milk solids, other than lactose, 
exhibited some inhibitory effect on hydrolysis of lactose. 
Inhibition can also be caused by sodium and calcium ions and 
demineralization is therefore usually recommended. Guy and 
Bingham (38) confirmed lactose can be hydrolyzed in 22h at 
· s0 c as effectively as in 2 hours at 31°c. Also, it was mentioned 
that potassium, magnesium and manganese ions slightly accelerated 
lactase activity in fluid milks while sodium and calcium ions 
inhibited the reaction significantly. Complete inactivation of 
lactase was achieved at 70°c, whereas there was 97% inactivation 
at 6o0c for 1 minute heating . 
The formation of oligosaccharides by t~ansgalactosidation 
duri~g hydrolysis has been di scussed by Shulka (90), Dahlquist 
et al. (20), Guy and Edmondson (39), Novo Industries (72), and 
Toba and Adachi (96 ) . Fac tors affecting the quantity of 
oligosaccharides formed dur i ng hydrol ysis seem to be substrate 
concentration 1 wi th mo re oligosacchari des formed with increasing 
concentration of lactose in the original solution, and enzyme 
concentration . An excess of enzyme may hydrolyze the 
oligosaccharides after they are formed (20). 
Initially, most of the work with lactase was carried out 
with self-prepared enzymes. Borglum and Sternberg (12) opined 
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_the enzymes from Aspergillus and Saccharomyces appeared to be most 
useful for industr ial exploitation because of ease of producing 
the enzymes, properties of the enzymes, and acceptance in 
processing foods. Today the two primary lactases used are: 
"Lactase LP" from Aspergillus niger and "Maxilact" from 
Saccharomyces lactis. Lactase LP is most active at pH 3.5-4.9, 
while Maxilact is best at pH 6.5 to 7.0 (Technical bulletins, 
GB Fermentation Industries). 
Kosikowski and Wierzbicki (53) used commercial 
Saccharomyces lactis lactase to hydrolyze lactose in both raw 
and pasteurized milk. From the standpoint of retarding bacterial 
growth and flavor deterioration and ease of processing, incubation 
at 4°c for 48 hours was recommended. A lactase concentration of 
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either 25 or 100 mg per liter of mil k resulted in 80% and 90% 
lactose conversion, respectively , fo r paste~rized milk. Sweetness 
inten_sity was raised considerably by . increasing lactase 
preparation. 
The Agricultural Research Service of t he U.S. Department of 
Agriculture tested a variety of Maxilac t -treated products on a 
pilot scale (37 , 43 , 44) and found lactase-treated pasteurized 
fluid milk with 90% l actose hydrolysis was acceptable for beverage 
milk. Recommendat ion was made to replace 25 percent of the total 
serum solids with wh ey solids in ice cream which showed not only 
possibilities for stabi l izer mod i fica tion but for sucrose 
reduction as well. Organo l eptic tests indicated acceptable flavo~ 
and body could be ach ieved in those ice creams with a 10 percent 
reduction in sucrose level . 
Wierzbicki and Kos ikowski (111) used fungal lactase to 
convert acid whey into co lorl ess, golden, sweet food syrup. Sy 
different authors it was concluded that lactase from 
Aspergillus niger and Saccharomyces lactis are most suitable for 
food use (12, 53, 110). Further, Aspergillus niger lactase is best 
used in immobilized form for acid whey, while Saccharomyces lactis 
works best for milk in soluble form (111). 
Vujicic, Lin, and Nickerson (100) found in acid hydrolysis of 
lactose no oligosaccharides were formed in contrast to significant 
amounts of oligosaccharides with enzymic hydrolysis. The 
oligosaccharides in enzymatic hydrolysis pose a potential problem 
because of thei r indi gestibi lity by humans (90 ). Potential 
oligosaccharide probl ems could be prevented by the use of 
multi-enzyme systems , which coul d co~vert the oligosaccharides 
to monosacchar ides (i l2, 113) . Wierzbic ki and Kosikowski (112) 
used ~-galactosidase f rom Aspe rgillus· ni ger for hydrolysis of 
1 actose in add whey after whic h they al so confirmed formation 
of five oli gosacchar{des. 
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Gyuriesek and Thompson (41) used Saccharomyces lactis lactase 
at a rate of 0.3 gm per liter of milk at 30°c for 2-3 hours 
incubation t ime for manufactur ing hydrolyzed lactose yoghurt. 
Levels of hydrolysis were adjusted to 0, 25, 50, 75, and> 90 
percent level s by blending fresh mil k with hydrolyzed milk. 
Engel (26) used Maxilact lactase at the levels of 25, 50 and 
100 mg per quart of milk for hydrol ysis at 32°c before yoghurt 
fermentation. Hilgendorf (42) experimented with fungal lactase 
(E.C. 3.2.1.23) derived from As pergillus oryzae to hydrolyze 
lactose in yog hurt at the same temperature and pH range as 
yoghurt fermen tati on . 
Immobilizati on of Lactase 
Lactose hydrolysis on an industrial ·scale has been limited 
by the cost of the purified enzyme required in products for 
human consumpt ion. In light of recent advances in research with 
immobilization of enzymes, whereby they are bound to an inert 
support material from which they catalyze reactions without 
becoming part of the product, both the academic and industrial 
communities have expressed consi derable interest in the 
technological potenti al of immobilized enzymes (85). 
-Many techniques using immobilized lactase have been proposed 
to reduce the cost of enzyme utilization (73, 116). The 
hydrolysis of acid whey by f ungal lactase bonded to glass beads 
has been reported by several researchers (73, 114). The 
immobilized en zymes used' in those processes often showed higher 
stability than that of free enzyme bu t their activity was lower 
than that of the free enzyme because a part of the active site 
was masked by the fixation to the support. Unfortunately, the 
utilization of such immobilized reactors was a source of 
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dangerous microbial contaminati on of milk products. An enzymatic · 
membrane reactor technique (22) prevented the inconveniences of 
microbial contamination . Roger and co-workers (85) used a · 
commercial ultrafiltration plant to operate as a membrane reactor. 
~ith the ultrafiltration equipment used, it was possible at 
optimum conditions (pH 6.6, 15% calcium removal, temperature 33°c, 
lactase concentration 0.8 gm per kg of ultrafiltrate) to obtain 
an 80% lactose-hydrolyzed permeate. No important decrease in 
degree of conversion was observed during the continuous process of 
eight hours. 
Giacin et al. (35) reported the immobilization of lactase 
(Aspergillus niger) on collagen and the utilization of the 
collagen-bonded lactase for hydrolysis of lactose in acid whey and 
demonstrated the feasibility of the process, although in some 
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stage, the bioca talytic reac tor experienced a partial 
irreversible inh ibition upon exposu re to ultrafiltrated acid whey. 
Follo.wi _ng the initia l inhibit ion, the activity of the 
collagen-lact ase compl ex tended to stabilize upon subsequent 
runs with either acid whey or lactose . Aspergillus _niger lactase 
was best us ed in immo bilized fonn fo r acid whey, while 
Saccharomyces lactis lactase worked best for milk in soluble form. 
The current high enzyme cost makes lactase treatment commercially 
feasible only when immobilization on insoluble carriers allows 
repeated use (75). 
Dohan and co-workers (24) descri bed Corning immobilized 
lactase for continuous lactose hydrolysis. s-Galactosidase from -
Aspergillus niger was covalently bound to a controlled pore 
silica carr ier using the silane gl uteraldehyde technique of 
Weetall and Havewala (104). Thi s hydrolysis technolog~ stems from 
a high performance lactase en zyme immobilized to increase enzyme 
life and mi nimizes conversion cost. Still there are some more 
technical problems to overcome , but immobilization of lactase 
has a better future for l arge scale industrial use. 
Determina tion of Degree of Hydrolysis 
There exis t various techniques to determine the extent of 
lactose hydro lysis. It i s not difficult to determine the amount 
of lactose before hydrol ysis because lactose is the only 
significant carbohydrate present in milk. During the course of 
lactose hydro lysis, the re is interference because oxidizing reagents 
react with all three sugars; i.e. glucose, galactose and 
1 actose ( 79) 
It is generally assumed that one mole of lactose yields 
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one mole each of glucose and galactose. So, lactose can be 
determined after hydrolysis by measuring glucose or galactose by 
selective enzymatic procedures. Degree of hydrolysis is calculated 
as the amount of glucose from a measured amount of lactose (105). 
However, there is evidence indicating formation of 
oligosaccharides from galactose during the hydrolysis process. So, 
there will always be slightly more free glucose than galactose (13). 
This difference is assumed to be insignificant, but it makes 
amount of glucose the more accurate criterion of degree of 
hydrolysis. 
An enzymatic procedure specific for glucose is the Glucostat 
Reagent set (Worthington Diagnostics, Freehold, New Jersey), which 
has now been replaced by the Worthington Statzyme Glucose kit. 
Both methods utilize glucose oxidase to oxidize the glucose in a 
deproteinized sample. 3ile (10) used enzymatic analyses to 
determine 1 actose, glucose, and sucrose in ice cream mix. It was 
concluded that this process showed sufficient promise to warrant 
investigating its potential for monitoring the hydrolysis of 
lactose. Overall it takes only 10 minutes to analyze a sample for 
all three sugar contents. 
Thin-layer chromatography was also used to determine 
hydrolysis of lactose (81). Teles et al. (95) recommended a 
simple and accurate colorimetric m~thod for estimation of 
lactose in fluid milk and whey. The results were statistically 
comparable (P<0.5) with ''Official Fina1 Action Polarimetric 
Method" (2) and the usable range of detection was 0.2 to 2 mg of 
lactose .. Most of the methods for detennining lactose and its 
hydrolytic products are colorimetric. 
A colorimetric method for lactose determination was 
established by Nickerson, Vujicic, and Lin (69). Lactose was 
reacted with methylamine in hot alkaline solution to form a red 
compound with maximum absorbance at 540 nm; glucose and galactose 
do not interfere under these conditions. The percentage of 
lactose before and after hydrolysis was measured and the 
percentage of hydrolysis was calculated from the difference 
between the two values. 
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Us e of Whey in Ice Cream 
About 59% of the dry sweet whey and 16% of the modified 
whey were used direct ly for huma n food in 1980 (109). Also, it 
was stated in the same report that approximately 47% of total 
production of whey wa s being used directly for human food in 1980 
after conversion to condensed whey, dry whey, modified wheys, and 
lactose. The federal . 5tandards of identity for ice cream only 
allow sweet dried whey in replacement of up to 25% of the NDM 
(~1). Acid whey is not recognized as an optional ingredient in 
the current ice cream standards . 
Leighton (56) noted that whey solids would be more 
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acceptably utilized as additional, rather than as substitute, 
solids in wartime ice cream because of the high lactose and low 
protein content of whey. It was also found that using fluid, 
condensed, dried, or sweetened condensed sweet and acid wheys, good 
quality sherbets could be manufactured (77). Sherbets containing 
4-5% whey solids were equal or superior to conventional sherbets in 
body, texture, flavor and overall impression. 
Resenberger and Nielsen (83) found use of spray-dried whey in 
ice cream lowered costs and improved whipping, body, texture, melt 
resistance, and flavor. Whey~containing ice creams have a firm dry 
appearance at the freezer. To avoid sandiness, no more than 50% of 
the ice cream mix solids should come from dry sweet whey (17). 
There is every possibility of imparting off flavors in ice 
cream by use of poor quality whey (31). Electrodialysis to 
reduce the mine ral content of whey could improve the flavor (32). 
In large-sca l e consumers t es t s , several quality grades of whey 
were tested by Frazeur and Ha rrington (33) in several types of 
frozen desserts; resul t s of this research showed that extra 
quality dry whey could be -used in sherbet, ice milk, soft-serve 
ice milk, and mi lk-shake mix, but electrodialyzed whey was 
recommended for ice cream . 
Initi al ly sandiness i n i ce cream was one of the limitations 
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to use of whey; but in t he 1970 1 s, wi th the availability of 
improved stabili zers and emulsifi ers, it became easier to control 
body and texture defects including sandiness in ice cream (66). 
Tobias (97 ) reported the benefits of using whey in ice cream 
because of its lower cost, f unctional properties, such as water 
binding and whipp i ng propert i es, and quality improvement. The 
higher ash con t ent may impa rt salty flavors, and the calcium and 
phosphorus conten t i s l ower than in dry milk. High lactose 
content poses the threat of sandiness but also accentuates flavors. 
Whey solids i n i ce cream mix lower the freezing point of the mix 
and produce a dry ice cream with better body, texture, and 
melt-down. Dalum (19) also r~ported use of significant amounts 
of whey solids to replace a portion of the MSNF has presented a 
particular problem in avoiding sandiness because of the small 
amount of protein 11 dilution 11 of lactose in whey solids, as 
compared to dry milk. 
Cosgrove ( 15) reported a ·good II average" formula for a 
standard grade of ice cream is likely to be composed of 12% fat, 
11% serum solids, 12% sucrose, 4.0% corn syrup solids, and 0.3% 
stabilizers/emuls ifiers. Use of significant amounts of whey 
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reduced the freezing point because of presence of additional 
salts and lactose. 
Dry sweet whey gives a substant ial savings when used to 
replace 25% of the NDM solids (2). Replacement of 25, 30, 50, 
and 75% of the MSNF with dry whole whey or demineralized dry whey 
was used by Nilson (71.) to make ice cream in a 5 gallon batch 
freezer. No significant differences were detected between control 
and whey replaced batches. Frazeur (32) compared a partially 
(25%) demineralized dry whey with high quality and average quality 
dry wheys when used as replacement of 25% of the NDM solids in 
ice cream and milk. The demineralized whey produced no 
significant difference in flavor scores of ice cream when 
compared to the control. The difference in flavor was less 
pronounced when high quality dry whey was used. Arbuckle (4) 
also reported there is little danger of sandiness defect resulting 
from the use of whey solids up to 35% replacement of the MSNF 
portion of the mix and under rapid turnover perhaps as much as 
50% replacement could be used. 
As a result of a study by Igoe et a 1. (_48), frozen dessert 
standards in Pennsylvania were amended to allow the use of 
cottage cheese whey in ice cream. Concentrated acid wheys 
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(29% solids ) ei ther unneutralized or adjusted to pH 6.5 with 
NaOH or KOH, we re used to replace up to 27% of MSNF. On the basis 
of taste panel data , they recommended a maximum substitution for 
MSNF of 9% unneu traliied or 18% neutralized acid whey solids. 
Different formulations have been suggested to replace NDM 
by dry who le whey or other whey concentrates (4, 34, 57,70 ). Best 
formulae we re influenced by type and quality of whey and/or whey 
product, other ingredients in the mix, and storage time and 
temperature. 
Egypt 's equ ivalen t of ice cream (6% fat, 11% solids not-fat) 
was tested for replacement of 1, 2, 3, and 4% of MSNF by whey (52). 
Overrun and mel ting res i st ance of resultant ice cream decreased 
as the whey solids con tent of the mix increased. It was 
concluded that sol ids wi t h ac idity not more than 0.19% can be used 
in ice cream mixes to replace 20-25% of MSNF without altering the 
quality of the resulting ice cream. 
Lowenste i n (58) used whey protein concentrates, 
lactose-hydrolyzed concentrates, and partially demineralized and 
delactosed whey products in formulating ice cream mixes to replace 
NDM at different percentages. Variations in ice cream composition 
and properties resulted when these modified wheys were used as 
solids suppliers. The ice cream samples containing 20% of any of 
the whey products had flavor, and body and texture scores equal to 
those of the control; but at 50 to 100% substitution levels, flavors 
were unacceptable except in the case of the samples containing 
hydrolyzed lactose whey concentrate. Modified whey would be 
received better than straight whey in ice cream mix, because the 
industry .woul d not have to change formulas and procedures (9). 
Different blends consisting of sweet whey and modified whey 
improved the acceptability of ice cream. 
Guy (40) used lactose hydrolyzed sweet whey (LHW) to replace 
MSNF and corn sugar at .different ·proportions. It ~as evaluated 
that replacement of 13.6% of t he total MSNF and 8.3% of the total 
cane sugar solids by LHW brought .no loss of ice cream quality, 
but the quality decreased signi f icantly as the replacement 
percentage increased. Further, 79% LHW produced better quality 
ice cream than 67% at a level of 5. 5% replacement of the total 
MSNF. 
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Young (115) used neu tra l ized, hydrolyzed (50% and 75% lactose 
conversion to glucose ) f lui d cottage cheese whey (0.07% fat, 
6.38% MSNF) i n ic e cream mi x with replacement of approximately 
53% by we ight of total composition of mix. The neutralizers used 
were KOH and Ca ( OH) 2 to attain pH 6. 5-6.8 for the 1 iquid whey; 
it was observed that KOH was a better choice as a lactic acid 
neutralizer than Ca(OH) 2. The whey ice creams were free of 
sandiness for four months in a commercial type freezer 
( o0 :t2°F; -17. s0 -:-1. 1 °c). Based on comments from consumer test 
panels of 732 persons, the whey ice cream was described as being 
"more cream" while the standard product was characterized as 
having better flavor. 
Coder and Parsons (16) studied the feasibility of using 
substitute milk-derived ingredients such as ultrafiltrate whey 
concent_ra_te (UFWC), a bl end of UFWC ano dry whole whey (DWW); and 
a blend of DWW and sodium caseinate (CAS) to replace NDM in the 
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ice cream mix, in all cases keeping the minimum protein level at 
2.7%. Evaluation by a panel of judges and by 50 Brookings families 
indicated no sign i ficant (P>.05 ) difference in taste between control 
and other batches and also there was no defect of sandiness after 
6 months of storage . Coder and Parsons (16) recommended the use 
of processed whey and whey derivatives in ice cream manufacturing 
if permitted by standards of identity. 
Arnold and his co-workers (6) found sweet dried whey was a 
better MSNF replacement than partially delactosed whey, because 
after the removal of two-thirds of the lactose the resulting whey 
residue was unpalatable. The result of the study indicated the 
use of dry sweet whey up to 35% NDM replacement in ice cream mix 
might be acceptable. 
Federal Standards of Identity for Ice Cream 
The Federal Food, Drug and Cosmetic Act of 1938 is the 
fundamental law regulating foods in the U.S. today. It was 
established out of an apparent need to protect consumers against 
fraud and hazardous products in interstate commerce. The entire 
responsibility of establishing 11 standards of i.dentity" for 
manufactured foods was given to the Food and Drug Administration 
(FDA) to insure t he proper qua lity of foods from the public 
health standpoin t . 
The .current standards of identity for ice cream were 
published i n 1978 (28 ). The standards specify that ice cream 
must conta i n no t l ess than 10% milk fat, 20% total milk solids, 
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and 6% MSNF by weight of the fi nis hed product. The finished ice 
cream must contain at least 1.6 lb/ gal total food solids a·nd weigh 
at least 4.5 lb/ gal. Artificia l or natural coloring may be added 
with no label declaration . On ly .specified optional ingredients 
are allowed, including concen t rated or dried cheese whey with a 
titratable ac idity of les s than 0.16 or 0.18%, respectively. The 
sweet whey sol ids may be added at a level of not more than 25% of -
the total nonfat mi lk sol ids, by weight of the finished product. 
Caseinates are permiss i ble when added to a mix containing at least 
20% total milk solids. The stabilizers, emulsifiers, and other 
permissible salts are specified, as is the maximum quantity of 
each class of additives. 
Efforts were made on different occasions to establish final 
regulations close to industry practices. In 1974, the International 
Association of Ice Cream Manufacturers (IAICM) petitioned the FDA 
to provide for nutritional labeling in the standards of identity 
for ice cream. The basic request of IAICM was that generic 
groupings of dairy ingredients, egg ingredients, and sweetening 
agents be established so that interchange of ingredients within a 
class could be made without label changes (49). 
In 1974, the FDA (30) proposed some modifications to ice 
cream standards of identity wh ich included: 1) full ingredient 
declaration on the 1 abel, 2) the use of "any safe and suitable 
ingredients," and 3) replaci ng the old standing use of a · 
minimum level of milk solids-not-fat with 2.7% minimum protein. 
As a result of ·"safe and -suitable ingredients" provision, al 1 the 
milk-der ived materia ls could have been used in any amount, 
including whey and caseinate . 
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The FDA's 1974 proposal generated further scope for 
discuss ion. Keeney (51) concluded the proposed changes in Federal 
Standards would be good for both industry and the consuming public. 
Also, there were possi bilities of varieties of ice cream with 
different types of t aste, keeping the nutritional value 
reasonable. On April 12 , 1977, the final action was published 
in the Federal Regis t er (28) which included amendments for: 1) 
using of sa fe and . sui t able ingredients, 2) label declaration, in 
decreasing order of prevalence, and 3) presence of not less than 
. 2.7% prote i n having PER not less than whole milk protein. As 
mentioned by Keeney (51), the proposed standard of identity might 
have led to the quality of the product suffering serious flavor 
and physical defects. Moreover, the nonfat dry milk suppliers were 
afraid of losing some of their market to whey and whey products 
(86). 
Hutton (46) pointed out some of the advantages of the 
proposed standards, such as; 1) nutritional value of ice cream 
preserved, 2) minimum (2 .7% ) protein standards ensured proper 
control of protein content, 3) lower cost ingredients, · such as 
whey and whey products, protected the consumers from rising 
manufactu ring cost, 4) avoidance of unnecessary food waste, and 
·s) all ingredients were safe and sound~ 
As a result of furth-er study, FDA realized that under the 
proposed new standard ·some ice cream could have less nutrients 
than with the cur rent standard. Hence FDA revoked the proposals 
regarding safe and suitable ingredients and minimum protein 
requiremen t and reinstated the whey and caseinate limitation to 
replace nonfat dry milk in ice cream mix (.29). 
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The IAICM has filed objections to FDA 1 s decision and further 
decision regarding use of milk-derived safe and suitable ingredient 
at any level is yet to be seen. However, it is hoped that this 
study will provide further technical and scientific information of 
value in considerations of future standards. 
Sensory Evaluation 
Sensory evaluation has been defined as 11 a scientific 
discipline used to evaluate, measure, analyze, and interpret 
reactions to those characteristics of foods and materials as they 
are perceived by the senses of sight, smell, taste, touch, and 
hearing 11 (47). Since the organs involved with these senses are 
employed, the process is often called 11 organoleptic evaluation." 
Acceptance and preference are very much related, but they 
can not be reckoned as the same. Preference is an expression of 
higher degree of lik ing, wh ich also expresses the degree of 
liking of one product compa red to another. Preference testing 
might be considered the mo st important approach in sensory 
evaluation (25). Preference testing is involved in all phases of 
dairy product manufac t uring. Experience in judging the product 
is very muc h import ant and an expert taster relies on memory to 
subjecti vely judge samples. However, preference tests tell 
about l ik i'ng of the product but do not provide any information 
about t he product's flavor , odor, color, body, and texture. So, 
the method of sensory eval uation must be chosen carefully to 
ensure tha t it can provide the necessary information. 
Prel l (80) summar i zed the various test methods for 
developing a new product. These include single and paired 
comparisons, scala r scoring, hedonic rating, flavor and texture 
profiles, food ac t ion sca l e, magnitude estimation, and 
quantitative descript i ve analysis. A survey of 62 major U.S. 
food companies revea led the three most often-used sensory 
testing methods were t riangle (66%), hedonic scale scoring (57%), 
and paired comparison (55%) (14). Hedonic scoring is the most 
widely used preference test and is applicable to large scale 
consumer testing as well. The number of samples presented in 
hedonic tests should not be more than 18 (.80). 
Statistical design is the utmost important matter in 
analyzing the experimental data and it is worthwhi'le to use each 
piece of data more than once (25). A factorial technique 
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allows use of many vari ab les at several levels. The results 
of a factoria l experiment lend themselves to a relatively 
simple explanat ion because of the variety and nature of treatment 
compari~ohs (93). 
Brandt and Arnold (14) reported their data analysis was 
performed both manually and by computer. The most common 
statistical tests were· Student 1 s test, analysis of variance and 
Chi-square. 
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MATERI ALS AND METHODS 
This i nvestigation was conducted in the South Dakota State 
University semi-commercial da iry processing plant (Dairy 
Products Laboratory). In the course of this investigation, 
efforts were made to use equipment normally found in a dairy 
plant. Al so, the methods used here could be easily adapted for 
feasibil ity and practical ity of manufacturing ice cream under 
commercia l plant conditions. 
Choice of Variables 
A fa ctorial 3 x 3 experimental design with five replications 
was sel ected which would allow use of different levels of lactose 
hydrolys i s and replacement of NDM by sweet dry whey. Also, the 
sucrose percentage was varied inversely as the percentage of 
hydrolysis increa sed. The treatments used in the experiment can 
be summari zed as fo l lows: 
1) Re placement of nonfat dry milk in the ice cream mix 
formulation wi t h 25% and 50% by weight of sweet dry whey. 
2) Hydrol ysis of lactose, available from NDM and sweet dry 
whey in the mixes, at the conversion levels of 50% and 75%. 
3) Use of 6.25% and 12.5% less sucrose, respectively in the 
50% and 75% lactose hydrolyzed mixes. 
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With the different levels of lactose hydrolysis and replacement 
of NDM with sweet dry whey, the following nine types of 
compositional batches were manufactured (Table 4}. 
TABLE 4. Types of ice cream formulae used. 
Formula 
Lactose hydrolysis 
No hydrolysis 50% hydrolysis 
C.ontro 1 a 
75:25b 
50:50c 
1 
1 
1 
1 
1 
1 
aOnl y NDM used to supply MSNF. 
bRe placement of 25% NDM by sweet dry whey. 
cRepl acement of 50% NDM by sweet dry whey. 
Mix Formulat io ns 
75% hydrolysis 
1 
1 
1 
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Fifty pounds of each mix were made, with the following gross 
composition: 11% fat, 11% MSNF, 13% granulated sugar1 (sucrose), 
3.0% corn suga r 2 (dextrose), and 0.35% stabilizer-emulsifier3 
(0.30% in co ntrol ) . Twelve percent and 11% sucrose respectively 
were used in 50% and 75% hydrolyzed lactose batches, and 
accordingly the MSNF of 50% and 75% hydrolyzed mixes were increased 
to 12% and 13% respectively. All together 45 batches of 
111 White Satin," fine granulated sugar. The Amalgamated Sugar 
Company. Ogden, UT 84401. 
2staleydex Brand. Mfd. by A.E. Staley Mfg. Co., Decatur, 
IL 62525. 
3M.P. 18EE, Stabilizer-Emulsifier, Stauffer Chemical Company, 
Milk Protein Group, Westport, CT 06880. 
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vanilla ice cream we re manufactured over a period of 
five weeks. For contro l mixes , spray dried, low heat, · Grade A, 
nonfat dry milk4 and f resh pas teurized cream (37% to 42% fat) 
were used to supply the required MSNF in the ice cream mix. For 
~ther exper imen ta·1 batches , sweet dry whey5 was used along with 
the sweet crea~ and NDM, ·al l i n required proportions. 
Lactose Hydrolysis 
Because of the use of sweet dry whey at higher than legal 
levels to replace NDM and the higher percentage of lactose in 
whey powder, the danger of sandiness defect in ice creams was 
considered. Commerciall y available highly purified 
S-0-galactos idase (l actase) i s very useful to hydrolyze the 
lactose i n mi lk and other milk products, thus reducing the danger 
of lactose crys tallization in dairy products. In this study, 
Maxilact LX5000 lactase (GB Fermentation Industries, Des Plaines, 
Illinois), a dairy yeas t lactase produced from a special strain 
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of Saccharomyces lacti s, was used to hydrolyze lactose in NDM and 
sweet dry whey. According to a Technical Bulletin (GB Fermentation 
Industries ) , Maxilact LX5000 is a purified form of lactase, free 
of zymase and protease. It hydrolyzes the s-D-gal actosidic 
4spray dried, Grade A, nonfat milk. Land O' Lakes, Inc., 
Volga, SD 57071. 
5sweet Dairy Whey, Extra Grade. Land O' Lakes, Inc. , 
Minneapolis, MN 55413. 
linkage of lactose with an acti vity of 20,000 
Orthonitrophenylgalactoside/g and converts lactose into glucose 
and galactose . Maxilact is most effective between pH 6.6 and 
7.0; the normal pH of fres h milk lies in this range. The lactase 
activity is high at both 4°c and 30°c, ~ut the lactase is 
inactivated at 10°c. Preliminary small scale experiments showed 
nearly complete _conversion of lactose to glucose and galactose in 
NDM and whey suspensions at 25% solids level. 
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In the main trials, 30 kg (66 lb) and 10 kg (22 lb) suspensions 
were prepa red, respectively, from NDM and sweet dry whey at 25% 
solids level in each suspension to be used for preparation of six 
hydrolyzed lactose batches for t he different ice cream mix 
formulation s. Eighty-eight-hundredths gram of lactase was added per 
kg of mix and the mix incubated for 24 hours at 4°c to achieve 99+% 
lactose hydrolys is. The amount of lactose present before and after - q 
the hydrolys is was determined colorimetrically (66 (c;; nee the 
initial degree of hydrolysis in the NDM and whey mixes was 
determined, plain NDM and dry whey were blended with hydrolyzed 
NDM and whey to attain the desired final percent of hydrolysis in 
the mix, as per different compositional formulas of the mix. 
Lactose supplied by MSNF of fresh cream was a very minor amount and 
was not considered in calculating the percentage of lactose 
hydrolysis in each batch. The lactase in the hydrolyzed mixes 
was inactiva ted by heating t he mixes to 10°c (158°~). 
Preparation of Mixes 
Compositional details of different types of ice cream mix 
are listed in Table 5. Similarly, sample formulas for two batches 
are shown in Table 6. 
As mentioned earlier , 22.7 kg of each mix was made and every 
week fo r five weeks nine different batches were made one day and 
frozen the next. Initial ly, required amounts of hydrolyzed NDM 
and whey mixes were made and then the nine batches of mix, 
including six batches of hydrolyzed mix, were prepared as per 
respecti ve formulati ons. Sucrose level was decreased to adjust 
for the i ncreased sweetness due to hydrolysis of lactose, but the 
total sol ids of each of the mixes were kept constant by adding 
additional NDM and dry whey in lieu of the sucrose omitted. 
Sucrose was 6.25% and 12. 5% l ess, respectively in the 50% and 75% 
lactose hyd rol yzed mixes. 
Table 7 li sts the amounts of lactose hydrolyzed and 
untreated NDM and whey used in this study to give 22.7 kg of each 
ice cream mix at 50% and 75% lactose hydrolysis levels at three 
levels of whey in the mixes. Samples for the final analysis for 
lactose were taken after adjusting the constituent mixtures to 50% 
and 75% lactose conversion levels. 
The dry ingredients were added slowly to the measured amount 
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of hydrolyzed NOM and whey suspensions or to the two-thirds the amount 
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TABLE 5. Formulation of diffe-rent types of ice cream mix. 
Control 
Composition 
F·at 
MSNF (NDM & cream) 
Sucrose 
Dextrose 
Stabilizer 
Total 
75:25 
Fat 
MSNF (NDM & cream) 
MSNF (whey) 
Sucrose 
Dextrose 
Stabilizer 
Total 
50:50 
Fat 
MSNF (NDM & cream) 
MSNF (whey 
Sucrose 
Dextrose 
Stabilizer 
Tota 1 
No hydrolysis 50% hydrolysis 75% hydrolysis 
----------------------%--------------------------
11.0 11.0 11.0 
11 .0 12.0 13.0 
· 13.0 12.0 11.0 
3.0 3.0 3.0 
0.3 0.3 0.3 
38.3 38.3 38.3 
----------------------%--------------------------
11.0 11.0 11.0 
8.25 9.0 9.75 
2.75 3.0 3.25 
13. 0 12. 0 1 LO · 
3.0 3.0 3.0-
0.35 0.35 0.35 
38.35 38.35 38.35 
----------------------%--------------------------
11. 0 11. 0 11.0 
5.5 6.0 6.5 
5.5 6.0 6.5 
13.0 12.0 11.0 
3.0 3.0 3.0 
0.35 0.35 0.35 
38.35 38.35 38.35 
TABLE 6. Component formulas for whey and hydrolyzed mixes in 
kilograms per 22.7 kg (50 l b) batch and in percent by weight of 
total compos i tion. 
Ingredients 
Control 
(0% whey ·and 
no hydrolys is) 
Cream (41. 5% fat, 5.2% MSNF) 
NDM (97% T. S., 1.0% fat) 
Sucrose 
Dextrose 
Stabilizer-emulsifier 
Water 
50:50 
(50% whey and 
75% hydrolys i s ) 
Cream (41.5% fat) 
NDM (97% T.S ., 1.0% fat) 
Whey (96.5% T.S ., 0.7% fat) 
Sucrose 
Dextrose 
Stabilizer-emul sifier 
Water 
kg % 
6.02 26.50 
2.27 10.00 
2.95 13.00 
0.68 3.00 
0.07 0.30 
10. 73 46.20 
22. 72 100.00 
6.02 26.50 
1. 36 6.00 
1.41 6.20 
2.5 11.00 
0.68 3.00 
0.08 0.36 
10.68 47.00 
22.73 100. 06 
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TABLE 7. Amount of hydrolyzed (100%) and untreated NDM and whey 
sol ids for each 22. 7 kg (50 lb) batches of ice cream mix. 
Mixes Lactose hydrolyzed (100%) 
NDM Whey 
Untreated 
NDM Whey 
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Control b · 
--------------------------~g---------------------------
0% hyda 2.27 
50% hyd · 1. 25 1. 25 
75% hyd 2.05 0.68 
75:25c 
0% hyd 1. 70 
50% hyd 0.93 0.32 0.93 
75% hyd 1. 54 0.50 0.51 
50:50d 
0% hyd 1.14 
50% hyd 0. 63 0.64 0.63 
75% hyd 1.02 1. 02 0.34 
alactos e hydrolys i s. 
bOnly NDM wa s used to supply MSNF. 
cReplacement of 25% NDM by sweet dry whey. 
dReplacemen t of 50% NGM by sweet dry whey. 
0.57 
0.32 
0.18 
1.16 
0.64 
0.34 
of water (in the case of no hydrolysis batches) and mixed by 
continuous hand stirring. Later, a measured amount of fresh 
cream was added and properly incorporated . . 
Each batch of mix was bulk pasteurized in 40 liter (10 
gallon) . stainless steel milk-cans imme~sed in hot water at 
71.1°c (160°F) jor 30 min~tes. Water was heated by direct steam 
injection which was ad)usted manually to control the 
temperature of pasteurization. Temperature regulation was 
difficult and sometimes temperatures went to so0 c. Mixes were 
homogenized at 71.1°C with a two stage plant homogenizer 
(Model M-12-10, Manton-Gaulin Homogenizer) at a pressure of 170 
kg/cm2 (2500 psi) and were then cooled to 22°-21°c (72°-ao°F) 
rapidly by constant manual stirring of the mixes with cold water 
surrounding the cans. It took approximately 1.5 hours to cool the 
mixes after homogenization. The mixes were aged overnight in a 
refrigerated room at a temperature of 4°c (39°F). 
Freezing Ice Cream 
Before freezing, the flavoring ingredient was added to each 
mix according to the manufacturer's instructions. One hundred 
milliliters of two fold pure vanilla extracta was added to each 
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22.7 kg (50 lb) batch of mix. Mixes were frozen with a commercial batch 
aDavid Michael and Company, Inc., 10801 Decatur Road, 
Philadelphia, PA. 
freezer (40 quart, Model 40HF; Emery Thompson). Freezing was 
stopped at approximately 85-90% overrun and ice cream drawn. 
Drawing temperature and time of freezing were recorded for each 
batch of ice cream. As the whipping continued during drawing 
.. 
the ov~rrun increased up to 100%, sometimes above 100%. Samples 
of ice cream wa~ packed in 1.8 liter properly coded cardboard 
packages and pla ced af -29°c for hardening. Samples were stored, 
after hardening fo r at least 48 hours, in a cabinet freezer at 
-10°c. 
Sensory Eva luation 
Acceptability of samples of ice cream with 90% overrun were 
evaluated by fa culty, staff, and graduate students of the Dairy 
Science Depa rtment. Samples were numerically coded to prevent 
knowledge of any sample's identity during the evaluations. 
Samples were tasted 24 hours after freezing; next tasting was 
after 7 days; and the rest of the tasting was on monthly basis up 
to five con secuti ve months. At each testing day, only nine 
samples from the nine batches (produced on same day) were 
evaluated for flavor, body, and texture. Evaluation was recorded 
on the Amer ican Dairy Science Association Product Judging Score 
Card for ice cream (Figure 1), with 10 points for perfect flavor 
and 5 points score for perfect body and texture. 
Data from score cards were compiled and coded onto computer 
cards. A factorial design analysis of variance was performed by 
computers. 
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Figure 1. American Dairy Science Association Product Judging · 
Score Card ·for ice cream. 
CONTEST 
A.D.S.A. ICE CREAM SCORE CARD 
DATE ---
Perfect 
Score Criticisms 1 2 . · 3 
FLAVOR Contestant 
10 Score 
' 
Grad~core 
Criticism i 
Cooked i f 
Lacks fl a vori nq 
No Too. high flavor I 
Criticism Unnatu ra 1 fl aver 10 
High acid 
Lacks fine flavor I 
' Lacks freshness 
Metallic 
Norma 1 Old ingredient I 
I 
Range Oxidized I 
1-10 Rane id 
Salty 
Whey 
Lacks. si•,eetness i 
Syrup flavor I j 
Too sweet I I 
BODY AND Contestant TEXTURE ·score 
5 
Score 
No Grade 
Criticism Criticism 
5 Coarse/icy 
Crumbly 
Norma 1 Fluffy 
Range Gummy 1-5 
Sandy 
Soggy 
Weak 
4 5 
I 
D. I .S.A. 
CONTESTANT NO. 
6 7 8 9 10 
I 
I I 
I 
I 
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---
TOTAL 
GRADES 
! 
I 
I 
i 
I 
Chemical and Physical Tests 
The following determinations were made on two subsamples in 
duplicate from each batch of ice cream mix: fat, by the 
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Mojonni er-Roese-Gotti'i eb method ( 2, 7); tota 1 solids, by the 
Mojonnjer method described by Athertori and Newlander (7); protein, 
by the American Association of Official Analytical Chemists 
Kjeldahl procedure (2); and ash, by the Official method (2). 
Tests were also done for total solids, fat, lactose, protein, ash 
percent in the dairy ingredients of ice cream mix; i.e., NDM, sweet 
dry whey and pasteurized cream. 
For freezing point determinati on 1:4 dilution of ice cream 
(liquid) sample was prepared. A model J-62 Fiske Milk Cryoscope · 
(Fiske Associates, Inc. Quaker Highway, Uxbridge, MA) was used to 
measure the freezing point deoression in degrees Celsius. 
Whey-con taining ice cream mixes when analyzed for protein by 
Kjeldahl method in this study tended to foam on distillation, so 
heat was held very low (4, on a scale of 1 to 7) in the beginning 
and then gradually increased. The factor 6.38 was used to 
convert percent nitrogen to percent crude protein. 
Lactose was determined before and after hydrolysis by using 
the colorimetric method of Nickersbn et al. (69). For lactose · 
determination, various dilutions of whey and NDM suspensions were 
prepared and a standard curve with points between 0.50 to 1.50 
mg/ml lactose was prepared. Color intensity was measured at 
nm with a Bausch & Lomb Spectronic 20 spectrophotometer. 
' 
RESULTS AN D DISCUSSION 
Hydrolysi s of Lactose 
As detailed in the Material and Methods section, 
reconstituted dry whey· and NDM were hydrolyzed to a maximum 
level w.ith Saccharomyces lactis lactase· enzyme (Maxilact LXSOOO). 
The degree of conversion of lac tose to glucose and galactose was 
then dete rmin ed by mea~uri ng the amount of lactose in the mix 
before and after the hydrolysis . 
Tab l e 8 shows the detail on determination of degree of 
hydrolys is. From the data in t hat table, it can be seen that an 
average of 97. 9% and 98. 1% hydrolysis was achieved in NDM and whey 
suspensio ns, respecti vel y. 
TABLE 8. Calculation of degree of lactose hydrolysis in whey and 
NDM suspensions (25% t ot al solids). 
Analysis NDM 
Lactose, before hydro lysis 130.0 mg/ml 
Lactose, after hydro lysis 2.70 mg/ml 
Degree of hydrol ysis( %) 97.9 
Suspensions 
Whey 
175.0 mg/ml 
3.25 mg/inl 
98.1 
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Table 9 shows the results of verification of the average final 
lactose conversion levels in the respective mixes. The variation of 
final adjusted hydrolysis was with! 4.0% of the desired hydrolysis 
TABLE 9. Average actual degree of .lactose hydrolysis attained 
in different mixes. 
Desired degree 
of hyda 
Actual degree 
of hydrolysis Difference 
49 
------------ .-----%---------------------
Control b · 
50% hyd 
75% hyd 
75:25c 
50% hyd 
75% hyd 
50:SOd 
50% hyd 
75% hyd 
alactose hydrolysis. 
52.5 
71. 6 
49 ·.1 
73.2 
46.5 
78.5 
bOnly NDM was used to supply MSNF. 
cReplacement of 25% of NDM by sweet dry whey. 
dReplacement of 50% of NDM by sweet dry whey. 
+ 2.5 
- 3.4 
- 0.9 
- 1.8 
- 3.5 
+ 3.5 
and in mos t of t he cases it was cl oser. The reasons for variation 
between the expected and actual levels of hydrolysis may have 
been instrumental error above 80% transmittance in the 
Spectroni c 20 spectrophotometer. 
Conclusions Regarding Hydrolysis 
Cofllllercial ·1actase enzyme is very expensive, thus the 
hydrolysi s treatment in"volves add i tional ingredient costs for the 
lactose hydro lyzed batches. As detailed in the Materials and 
Methods section, Maxilact LX5000 yeast lactase was used in soluble 
form; hyd rolys is was carri ed out in NDM and whey suspensions, then 
the enzyme was irreversibl y heat denatured to preclude further 
hydrolysi s after additi on of more milk solids-not-fat. 
The enzyme costs at different levels of hydrolysis were 
computed on the basis of pri ce information supplied by the 
manufacturers of Maxilact enzymes. The costs for 50% and 75% 
hydrolys i s of lactose in t he mixes are listed in Table 10. 
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A less purifi ed grade of Maxilact enzyme (_Maxilact L2000) is 
available, wh ich has activity of 8000 ONPG but contains small 
amounts of pro t eases. As there is possibility of proteolysis while 
hydrolyzing lactose in the mixes, use of Maxilact L2000 is still 
questionable, though the cost of L2000 is $0.02 per gm in comparison 
to $0.20 per gm for Maxilact LXSOOO. Recently, GB Fermentation 
Industries has produced a cheaper variety of L2000 1 actase 
enzyme equivalent to LXSOOO in purity, which might reduce the 
enzyme cost to $.04 per gallon. Considerable savings could be 
made by using cheaper 1 actase .but . it I s use depends mainly on the 
quality of final product. 
TABLE 10. Enzyme cost at diffe rent levels of .hydrolysis for 
22.7 kg batch of ice cream mix . 
Approx. cost b 
Enzyme Total cost a per ga 11 on of 
Mixes 
50% hydro lysis 
.75% hydro lysi s 
aEnzyme cost 
used (gm) 
4.4 · 
7.2 
is $200 
per batch ( $) ice cream 
0.88 0.09 
1.44 0.15 
per 1000 gm. 
bAssuming ten gallons of ice cream per 22.7 kg batch. 
Chemical and Physical Analysis of The Ice Cream Mixes 
( $) 
Results of analysis of the ice cream mixes for fat, total 
solids, pro tein, ash, and lactose of the nine ice cream mixes are 
presented in Tables 11, 12 and 13. The tables also contain the 
overall mean s and standard deviation for each analysis. These 
results are important because many of the legal requirements 
outlined in the ice cream standards of identity are based on mix 
composition. 
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Fat. The percent fat in the mixes ranged from 10.31% to 
11.94%, with an average of 11.14%. The variation was probably due 
to small variations in weighing ingredients. However, all of the 
mixes were above the legal minimum of 10.0% fat. Any differences in 
perceived richness among the nine mixes of ice cream due to the fat 
TABLE 11. Averagea composition of the ice ·cream mixes at 0% lactose hydrolys1s level. 
Composition NDM replacement levels by whey Q%D 25%C 50%cr Mean SDf 
--------------~-----------------%---· ----- ·-------------------
Fat 11.15 
Protein 4.13 
Lactose & conversion sugars e 5.42 
A~h 1.016 
Total sol ids 38.72 
Solid-not-fat 27.57 
MSNF 11 : 27 
aAverage of five replicates. 
bNonfat dry milk control ice cream. 
11.14 
3.76 
5.91 
1.053 
39.12 
27.98 
12.68 
cNonfat dry milk (75%) and sweet dry whey (25%). 
dNonfat dry milk (50%) and sweet dry whey (50%). 
eCalculated value. 
fStandard deviation. 
11.03 
3.08 
11.11 
3.66 
6.44 5.92 
1.064 
38.47 
1.044 
38. 77 
27.44 27.66 
13.14 12.36 
0. 345 
0.189 
0.052 
0.924 
<.J1 
N 
TABLE 12. Averagea composition of- the ice cream mixes at 50% lactose hydrolys:is level. 
Composition NDM replacement levels by whey 0%0 25%C 50%cr- Mean sof 
--------------------------------%--~------ -------------------
Fat 11. 26 
Protein 4.51 
Lactose & conversion sugars e 5.95 
Ash 1.103 
Total sol ids 38.57 
Solid-not-fat 27.31 
MSNF 11.01 
aAverage of five replicates. 
bNonfat dry milk control ice cream. 
11.30 
4.02 
6.49 
1.154 
39.29 
27.99 
12.69 
cNonfat dry milk (75%) and sweet dry whey (25%). 
dNonfat dry milk (50%) and sweet dry whey (50%). 
eCalculated value. 
fStandard deviation. 
11. 31 11.29 0.305 
3.28 . 3. 94 0.169 
7.07 6.50 
1.170 1.142 0.038 
39.00 38.95 0.856 
27.99 27.76 
13.69 12.46 -----
u, 
w 
TABLE 13. Averagea composition of the ice cream mixes at 75% lactose hydrolysis level. 
Compos it ion NDM replacement levels by whey{ %) O%b 25%c 50%d Mean ·sof 
--------------------------------%----~----- ·------------------
Fat 11.03 
Protein 4.98 
Lactose & conversion sugarse 6.49 
Ash 1.174 
Total sol ids 39.11 
Solid-not-fat 28.08 
MSNF 11. 78 
aAverage of five replicates. 
bNonfat dry milk ice cream. 
11.16 
4.24 
7.06 
1.214 
39.14 
27.98 
12.68 
cNonfat dry milk (75%) and sweet dry whey (25%). 
dNonfat dry milk (50%) and sweet dry whey (50%). 
eCalculated value. 
fstandard deviation. 
11.89 
3.45 
7.97 
1. 237 
38.37 
27.98 
13.68 
11.36 
4.22 
7.17 
1.208 
39.04 
28.01 
12. 71 
0.350 
0.175 
0.039 
0.759 
u, 
..i:::,. 
percent variations were probably insignificant and did not affect 
the sensory evaluations (94). 
Sol ids . Total solids in ice cream mix were determined by 
the Mojonnier method. · Sol ids-not-fat (SNF), which includes sol ids 
o·f non-mi lk origin (those of sucrose, dextrose, and stabilizer and 
emulsifier ), we re calcul ated by subtracting the determined values 
for percen t fat from the val ues for percent total solids. Milk 
solids-not-fat (MSNF), in turn, were estimated by subtracting the 
calculated percentage of non -milk-solids in the mix formula from 
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the SNF va lues. The percent MSNF is only an estimation by 
calculati on and it serves only as a check on the mix formulations, 
in which 11%, 12%, and 13% MSNF were required, respectively, for .0% · 
50%, and 75% lactose hydrolyzed batches. Bulk pasteurization of 
the mixes i n 10 gall on mi l k cans might also have helped to increase 
the total solids sl igh tly by · 
the holding. 
moisture evaporation during 
Lactose. Tables 11, 12, and 13 show the calculated lactose 
percent in the i ce cream mixes. Increased levels of NDM 
replacemen t in the ice cream mixes by sweet dry whey resulted in 
increased l actose percent, while simultaneously the protein percent 
decreased in the ice cream mixes. For example, in 0% hydrolyzed lactose 
batches, the lactose increased from 5.42% for controls (0% whey) to 
6.44% in 50% whey containing batches, whereas the protein dropped 
from 4.13 to 3.08%. The same was applicable to other 
hydrolyzed lactose batches. The variation of lactose was 5.42 to 
7.97%, whereas protein varied from 4.98% to 3.08 among the ice 
cream mixes. 
Protein. The data relative to protein and ash percent and 
freezing po ints of mixes are tabulated · in Table 14. The whey 
containing mixes contained less protein than the control, but the 
protein percen t increased as the level of lactose hydrolysis also 
increased becaus~ of additional NDM and whey solids i'n lieu of the 
sucrose omitted in hydrolyzed batches. In control mixes, the 
crude pro tein va ried from 4.13% to 4.98%; but for 25% and 50% whey 
batches, it var i ed from 3.76% to 4.24% and 3.08% to 3.45% 
respectivel y. 
In a study of fifteen brands of commercially available ice 
cream for protein content, Kri stoffersen and Mi 11 er ( 54) found the 
range of protein in the samples in February, April, and June, 
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1974 was 2.49 to 4.38%, with a mean of 3.41% protein. The protein 
content var ied due to the use of various. ingredients and also very 
much depended on individual company policy. 
Lowens tein and his co-workers (57) used concentrated 
hydrolyzed acid whey for 20%, 50% and 100% NDM replacement and 
reported the protein percentages in the mixes were 3.64%, 2.97%, 
and 1.86%, respecttvely. In the control, without whey, the protein 
percent was 4.14. %. 
The analysis of variance for protein is shown tn Table 15. 
It indicates highly significant (P<0.01) differences in orotein 
percent among the hydrolyzed and the whey batches and hi'ghly 
TABLE 14. Average a composition of the ice cream mixes 
ash, and freezing point. 
Mixes Protein Ash 
------------%----------
Control · c 
hyd b 4.13 
50% hyd 4. 51 
75% hyd 4.98 
75: 25 d 
0% hyd 3.76 
50% hyd 4.02 
75% hyd 4.24 
50: 50 e 
0% hyd 3.08 
50% hyd 3.28 
75% hyd 3.45 
aAverage of five replicates. 
b 
Lactose hydrolysis. 
1.016 
1.103 
1.174 
1.053 
1.154 
1. 214 
1.064 
1.170 
1.237 
Conly NDM was used to supply MSNF. 
dReplacement of 25% NOM by sweet dry whey. 
eReplacement of 50% NDM by sweet dry whey. 
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for protein, 
Freezing 
point 
OC-
-2.036 
-2.210 
-2.310 
-2.103 
-2.290 
-2.404 
-2.128 
-2.324 
-2.449 
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TABLE 15 . Analysis of variancea for protein percent in the mixes. 
Source OF ss F OF Significance 
Rep 4, 0.431 
vJhey 2 26.142 205.0 (2, 8) ** 
Rep X Whey 8 0. 510 
Hyd 2 . 4.845 55.37 (2, 8) ** 
Rep x Hyd 8 0.350 
Whey x Hyd 4 0.688 6.53 (4, 16) ** 
Rep X Whey X Hyd 16 0.421 
aAnalysis of variance using 3 x 3 factorial design, with 5 
replica t es. 
**Highly significant (P<0. 01): 
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Figure 2. Interactions of protein percent among the lactose 
hydro1yzed batches at different levels of whey in the ice cream mix. 
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Figure 3. Interactions of protein among the whey batches at 
different levels of lactose hydrolysis in the ice cream mix. 
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significan t (P<0. 01 ) interaction between the whey and 
hydrolyzed mixes. 
The interactions among whey and hydrolyzed batches as 
affecting percen t prot~in are represented graphically in Figures 
2 and 3. It i s revealed from t he graphs that the variation of 
protein percent .among the _25% and 50% whey batches followed the 
·· same trend; but in contro l batches with 0% whey the less sugar 
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in hydrolyzed bitches was compensated only by NDM, which has higher 
percent of protein than in whey, and accordingly the percent of 
protein varied differently than in whey containing batches. 
Ash. As per data in Table 14, the ash content of the mixes 
varied among the hydrolyzed and the whey batches with more ash 
in the hydrol yzed lots which contained more milk solids. The ash 
percent for the control mixes was 1.016 to 1.174; whereas for 25% 
and 50% whey mixes, it varied from 1.053 to 1.214%, and 1.064 to 
1.237%, respectively. 
The analysis of variance for ash content is placed in Table 16. 
It reveals there was no significant difference or interaction 
between mixes, except among the hydrolyzed batches (P<0.01) of a 
particular whey batch of ice cream mix. The maximum ash content in 
50% whey containing mixes was 1.237%, which is very close to 1.3% 
as noted by Guy (40) in the ice cream mixes where MSNF was replaced 
by whey solids. In this work, the highly significant increase of 
ash content in hydrolyzed mixes was due to the addition of extra 
MSNF to compensate the amount of sucrose omitted due to higher 
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TABLE 16. Analysis of variance for the ash percent in the mixes. 
Source OF ss F DF · Significance 
Rep 4 0.699 
Whey 2 0.034 1. 32 ( 2, 8) NS 
Rep X Whey 8 0.102 
Hyd 2. 0.409 32.60 (2, 8) ** 
Rep x Hyd 8 0.501 
Whey x Hyd 4 0.014 1. 63 (4, i6) NS 
Rep X Whey X Hyd 16 0.034 
**Highly significant (P<0.01). 
sweetness of hydrolyzed mixes .. Lowenstein (58) found the ash 
percent was 0.98 and 1.09 percent, respectively, in mixes at 20% 
and 50% NDM replacement by hydrolyzed concentrated whey; but in 
these cases no extra MSNF was used in hydrolyzed mixes. 
Freezing Point. The freezing points of the respective mixes 
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are shown in Table 14. Freezing points were measured with three parts 
water to one part ice ·cream mix so as to yield results within range 
of the milk cryoscope. The analysis of variance in freezing points 
is listed in Table 17. It reveals that there was significant 
lowering of freezing point (P<0.05) with increase of NDM replacement 
by sweet dry whey. Also, there was higly significant lowering of 
freezing point (P<0.01) among the hydrolyzed mixes at any level of 
NDM replacement by whey, which means that as the percent of lactose 
hydrolysis increased the freezing point was more depressed. No 
significant interaction was observed among the whey and hydrolyzed 
mixes. Depression of freezing points may have been expected because 
of increased levels of salts from whey and monosaccharides in 
solution from hydrolysis (40). As noted by Tobias (97), whey 
solids lower the freezing point of the mix and produce a dry ice cream 
with improved body, texture, and meltdown. 
This agrees with the findings of Igoe et al. (48), who used 
36 DE (Dextrose equivalent) sweetener at a level of 6.8% along with 
10.20% of cane sugar in different mixes of ice cream where MSNF was 
replaced by concentrated acid whey, concentrated neutralized whey, 
or sweet whey solids. A cryoscopic method was used to measure the 
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TABLE 17. Analysis of variance for freezing point of the mixes. 
Source OF ss F OF Significance 
Rep 4 , 0.082 
Whey 2 0.200 5. ,56 (2, 8) * 
Rep X Whey 8 . 0.144 
Hyd 2 . . 1.350 98.73 (2, 8) ** 
Rep x Hyd 8 0.055 
Whey x Hyd 4 0.013 1.87 ( 4, 16) NS 
Rep X Whey X Hyd 16 0.029 
*Significant (P<0.05). 
**Highly significant (P<0.01). 
freezing po in t of the mixes . .In all the experimental cases, the 
freezing point was depressed more than in the control mix 
· containing MSNF from skim milk solids. 
Dextrose has a greater effect in lowering th~ freezing 
p·o int than sucrose, but corn sweeteners other than dextrose do 
not lower the freezing point as much and the effect is lessened 
as the DE value is decreased (15). In this investigation use of 
dextrose in hydrolyzed and whey mixes might have been the cause 
of larger depressi on of freezing point, which Gould easily be 
adjusted using corn su.gars of lower DE value. 
Properties of Ice Cream 
In th is sect ion, data are reported regarding ' properties of 
the finished . ice cream. One of the important quality factors in 
frozen desserts is the frozen characteristics, which are also 
related to the legal requirements. The stability of ice cream 
under differen t and normal conditions of storage is also of great 
concern in determining the shelf life. Finally, acceptability of 
product by consumer or taste panel observation is the basis of any 
product development which involves new processing methods and 
various available ingredients. Also, standards of identity play 
very important roles in any product _development. However, there is 
possibility of changing the standard of identity of a product 
based on valid technical information. 
Freezing Properties 
In order to produce fine textured ice cream with small ice 
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crystals, the ice cream mix has to be cooled quickly to a 
low temperatu re and frozen (3). In a batch freezer, freezing 
· time should be about 6 to 10 minutes at a drawing temperature of 
24-26°F. Mix characteri stics which influence freezing time are 
~6mposi t io n, includ i ng kind of ingredients; freezing point; 
ac idity; mix processing methods; and the kind and amount of 
flavoring materi al added (3). Mechanical characteristics of 
freezer type and operation of the freezer also affect the 
freezing time and temperature. 
Tabl e 18 gives data regarding freezing properties of the 
experimental ice cream mixes and shows the weights per gallon 
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of t he f inished ice cream. In all the cases the ice cream had a 
finn, dry , smooth body while drawing from the freezer. The drawing 
temperatures of whey batches of different hydrolysis (20-23°F) 
were higher than those of the NDM controls (19-20°F) because of 
the drier body lent by the whey solids. In hydrolyzed batches, the 
drawing temperature dropped slightly below that of nonhydrolyzed 
batches because of formation of glucose and galactose in . the mix 
due to hydrolysis. For example, in 50% whey containing batches, 
the drawing temperature dropped for hydrolyzed batches to 20°F 
from a drawing temperature of 23°F for nonhydrolyzed batches. 
Freezing time (5 min) was also less for nonhydrolyzed whey batches 
than for the NDM controls (6 min). 
As the mixes were frozen in a batch freezer, the percent 
over run could not be kept constant for all the samples of a 
TABLE 18. Freezing properties and weight per gallon of the 
finished ice cream. 
Ice Cream 
Control c_ 
0% hyda 
50% hyd 
75% hyd 
75:25d 
0% hyd 
50% hyd 
75% hyd 
50: 50e · 
0% hyd 
50% hyd 
75% hyd 
Drawing 
temp. 
OF 
20 
19 
19 
21 
20 
20 
23 
20 
20 
aLactose hydrolysis. 
bEmery Thompson Batch Freezer. 
Time of b 
freezing 
Min 
6 
6 
5.5 
5 
6 
6 
5 
6 
6 
cOnly NDM was used to supply MSNF. 
dReplacement of 25% NDM by dry sweet whey. 
eReplacement of 50% NDM by dry sweet whey. 
Wt/Gal of 
ice cream 
Lb 
4.70 
4.75 
4.75 
4. 72 
4.75 
4. 77 
4.73 
4.75 
4.70 
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singl e batch during the drawing; for whipping and overrun were 
affected by volume of product remaining in the freezerr Also, 
var iations of percent overrun occurred among the different 
batches . · However, 1 a rge numbers of samp 1 es were co 11 ected from 
single ba tch of var ious -percentages of overrun within the 
range of 90 to 100%. In all cases, samples of same percent 
overrun from the different batches were tasted to avoid 
vari ation in sensory properties due to level of overrun of the 
ice creams. This probl em might have been avoided if the 
continuous f reezer cou l d have been used for freezing the mixes; 
for i f t here were differences in mix viscosity, the continuous 
freezer air control valve could have been adjusted to keep the 
percent overrun constant. The correct overrun percentage 
depends upon the kind and composition of product and upon freezing 
equipmen t ( 4). 
The presen t standards of identity for ice cream specify 
min imum weight and food solids per gallon of ice cream of 4.5 
and 1.6 l b/ga l , respectively. The amount of air incorporation 
inversely affects the weight per gallon of ice cream and also 
influences the quantity, not only for meeting legal standards, 
but also for company profit (4-). Data in Table 18 show that all 
the i ce creams met the legal requirement 
Ice cream having a desirable melting quality will be very 
simi lar in characteristics to that of the original mix when it is 
mel ted. Also, when melted there will be no whey separation, 
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foamines s, or cu rdiness (LI,) . The .instability of milk proteins 
at high aci dity in the mix will give rise to curdy meltdown, 
which can be rec tifi ed by preserving the natural salt balance of 
the mix and by using the proper stabilizer. Young (115) 
reported the appearance of melted cottage cheese whey ice creams 
was less desirable than the control because of a tendency toward 
curdiness and whey-off: Recommendation was made to use a better 
combina tion of stabilizi ng and emulsifying ingredients to avoid 
curdiness. 
Lowens t ei n an(i co-workers (57) reported variable results with 
regard to mel t ing resistance when whey ultrafiltrate concentrate, 
normal whey concentrate, and hydrolyzed lactose whey concentrate 
were used to replace NDM at various levels. Melting resistance 
was improved in batches containing normal whey concentrate. Very 
little difference was observed among the control and hydrolyzed 
lactose batches. 
In this study, no difference of meltdown between the controls 
and the hydrolyzed lactose batches was noted by visual inspection. 
Also, no curdy meltdown was observed during the five months of 
ice cream testing and tasting. 
Sensory Quality and Storage Stability 
Nine ice cream samples comprising one experimental series 
were judged each time by the faculty, staff, and graduate students 
of the SDSU Dairy Science Department. As mentioned in the 
Materials and Methods section, the evaluations were carried out 
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over a period of five months,. at monthly intervals. The same 
time gap and procedures were used for the five replicates of the 
nine individual batches. The evaluation was ·done for flavor, 
and body and texture .using the American Dairy Science Association 
Product Judging Score Card for ice cr~am in which the perfect 
scores for flavor, body and texture were 10 and 5, respectively. 
Tables 19 and 20. show results of ice cream evaluation at 
one month and five month intervals for flavor, body, and texture. 
In the sensory evaluations, the most common flavor defects were 
"cooked" and "lack of fine flavor 11 , almost certainly caused by 
overheating the mixes during pasteurization. The use of HTST 
method generally will minimize cooked defects. 
A sweeter taste was noticed and recorded occasionally in 
hydrolyzed batches; indeed, some were criticized for being "too 
sweet." This indicated the possibility of further reduction of 
sucrose levels in some of the ice cream mixes. Ten percent 
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sucrose reduction has been recommended when using hydrolyzed 
lactoie whey (87 to 94% hydrolyzed) to replace 25% of total serum 
solids in the ice cream mix (44). Shah and Nickerson (89) used 
syrups (mixture of lactose/glucose/galactose) equivalent to 70, 90 
and 100% lactose hydrolysis to replace 25% and 50% of total sucrose 
(15%) in the ice cream mix in order to ascertain the best 
replacement ratio. It was found that the. relative sweetness of the 
hydrolyzed lactose was greater when it was used at the higher (50%) 
substitution level. Guy et al. (37) found a 1 inear inverse 
TABLE 19. Average flavor scoresa of ice creams after one and five 
months of storage. 
Ice Cream 
C 
Control 
OS hyd b 
sos hyd 
75S hyd 
75 :25 d 
OS hyd 
sos hyd 
751 hyd 
50:50 e 
OS hyd 
sos hyd 
751 hyd 
Flavor score after 
1 month 5 month 
8.5 8.4 
8.8 8.6 
8.7 8.6 
8.9 8.7 
8.9 8.7 
8.5 8.4 
8.6 8.5 
8.6 8.5 
8.3 8.3 
"Average of five replicates. 
bLactose hydrolysis. 
Criticism after storage of 
1 month 5 month 
Lacks fine 
flavor, cooked 
Lacks fine 
flavor, cooked 
Lacks fine Lacks fine 
flavor, cooked flavor, unnatural 
Lacks fine 
flavor 
Lacks fine 
flavor, cooked 
Lacks fine 
flavor, cooked 
Lacks fine 
flavor 
Lacks fine 
flavor, cooked 
Lacks fine 
flavor, cooked 
Lacks fine 
flavor, 
unnatural 
flavor 
flavor · 
Lacks fine 
flavor, unnatural 
flavor 
Lacks fine 
flavor, unnatural 
flavor · 
Lacks fine 
flavor, cooked, 
un~atural flavor, 
too sweet 
Lacks fine 
-flavor, unnatural 
flavor 
Lacks fine 
flavor. 1 «ck of 
freshness, old 
ingredients 
Lacks fine 
flavor, unnatural 
flavor. too sweet 
Lacks fine 
flavor, unnatural 
flavor, old 
ingredients, lack 
of freshness 
c0n1y NOH was used to supply MSNF. 
dReplacement of 251 NOM by sweet dry whey. 
eReplacement of SOS NOM by sweet dry whey. 
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TAB LE 20. Average body and 3 f . t exture scores o ice creams after one 
and five months of storage . 
Body and 
Ice ere.am. texture score after Criticism after storage of 
1 mon~h 5 months 
. C Control 
0% hyd b 4.1 
50% hyd 4.0· 
75% hyd 4.1 
50: 50 d 
0% hyd 4.3 
50% hyd 4.2 
75% hyd 4.0 
75 : 25 e 
0% hyd 4.0 
50% hyd 4. 2 
75% hyd 4.2 
aAverage of fi ve replicates. 
blactose hydrolys is . 
3.9 
4.0 
4.0 
3.7 
4.0 
3, 9 
3.5 
4.0 
3.9 
1 month 
Sl. coarse 
Sl. coarse 
S1. coarse 
Coarse 
Sl. coarse 
Sl. coarse 
Coarse 
Sl. coarse 
Sl. coarse 
cOnly NDM wa s used to .suppl y MS NF. 
dReplacement of 25% NDM by sweet dry whey . 
e Repl acement of 50% NDM by sweet dry whey . 
5 months 
More coarse 
Coarse 
Coarse 
More coarse 
Coarse 
Coarse 
More coarse 
Coarse 
Coarse 
relations hip between percent hydrolysis and percent sucrose, 
where 30% and 90% conversion equaled to 0.3% and 0.9% sucrose, 
respective ly. Fu rther study should be carried out to pinpoint 
the furthe r reduction of sucrose level in hydrolyzed lactose 
batches. 
Rating scores were averaged for a particular sample for five 
replicates and analysis of variance (AOV) was done using 3 x 3 
factorial design for each time of tasting that means for flavor 
only, there we re then, six AOV for the test results over the five 
months of storage. In F-test, the respective error terms were 
used for more preci sion of variance in analysis (Appendix Table 2, 
page 100) . 
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The analysis of variance for flavor of ice cream scores after 
five months of storage is presented in Table 21. No significant 
(P<0.05) difference was found among the whey and hydrolyzed batches 
versus the contro ls. Also no significant difference was recorded 
in the five other AOV covering the four months storage period. The 
average score for flavor of five replications was within the range 
of 8.4 to 8.6 for controls, whereas for 25% and 50% whey batches 
the range of average flavor scores were 8.6 to 8.7 and 8.3 to 8.5, 
respectively. It can easily be seen that there was very little 
difference in flavor among all the batches' scores after such a long 
storage. In most of the flavor scoring for whey batches, 50% 
hydrolyzed batch was preferred and the flavor score was higher for 
50% hydrolyzed batches than the 75% hydrolyzed batches. 
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TABLE 21. Analysis of variancea for the flavor scores of ice cream 
over a five month period. · · 
Source OF ss F . DF Significance 
Rep 4 4.510 
Whey 2 0.357 2.30 (2, 8) NS 
• ' Rep X Whey 8 0.620 
Hyd 2 0.336 2.64 (2, 8) NS 
Rep x Hyd 8 0.508 
Whey x Hyd 4 0.299 1. 28 (4, 16) NS 
Rep X Whey X Hyd 16 0.937 
aAnalys is of variance using 3 x 3 factorial design with 5 
replicate. 
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The body and texture scores were recorded on 1 to 5 scale, 
(Table 20) with 5 being the perfect score. · The analysis of 
varian~e for body and texture after four months storage of ice 
creams in a commerci al freezer at -10°c, is summarized in Table 22. 
After four mo nt hs storage, no significant difference (P<0.05) 
in body and texture scor~s was found among all the ice creams including 
cont rols (Table 22). ·sut organoleptic evaluation after five months 
of storage showed si gnificant difference with coarseness or formation 
of i cy texture, especially in most of the nonh1drolyzed whey 
ba t ches containing higher percentages of lactose. Up to four 
months of storage , the body and texture score was about 4.0 for all 
the ice creams , but later the body and texture score for 
nonhydrolyzed whey batches dropped to 3.5, due to the coarseness and 
icy critic ism . 
Each of t he batches of mix were of necessity frozen in a batch 
freezer. Likely better body and texture could have been achieved 
by using the continuous freezer. The ice creams were drawn at a 
lower temperature (20-21°F) due to the lower freezing point of the 
mixes, which resulted in smoother texture in the whey ice cream. 
Undoubtedly the storage studies were more lengthy than would likely 
be encountered in commercial practices. Ice cream is normally held 
in the hardening room from 12 hrs to 4 days and purchased within a 
week. Although the ice creams in the present study were held in a 
commercial chest type freezer at -10°c, they were not subjected to 
heat shocking typical 
.. 
TABLE 22. Analysis of variancea for the body and texture of ice 
cream over a four month period. 
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Source OF ss F OF Significance 
Rep 4 0.350 
Whey 2 0.055 <l (2, 8) NS 
Rep x Whey 8 0.700 
Hyd 2 0.130 1.87 (2, 8) NS 
Rep X Hyd 8 0.279 
Whey x Hyd 4 0.196 1. 69 (2, 8) NS 
Rep X Whey X Hyd 16 0.462 
aAnalys is of variance using 3 x 3 factorial design with 5 
replicate. 
of retail and home handling. The .temperature range of home 
freezers is approximately -21°c to +14°c. So, the storage 
temperature in this study was somewhat close to the range of 
home freezer temperatures. 
Variable res ults have been previously reported (16, 48, 56, 
58, 59) on sensory acceptability of whey containing ice creams 
and sherbets , but generally they were similar to and even 
somewhat expl ained the results found in this study. In some cases 
hydrolyzed l acto se milk or whey was used as the replaceable 
source of MSNF (40, 115). 
The presence of whey proteins in ice cream helps to form the 
very desirable, firm, dry body and texture of the whey ice creams .. 
The excellent emulsifying and water-binding properties of whey 
proteins help to improve the body and texture of whey ice cream 
(1). Tobias (97) and Resenberger and Nielsen (83) also 
mentioned the dry consistency and slower melting quality of whey 
ice cream, but no explanation was given in this regard. 
Improvement of whey powder quality by heat treatment is 
apparently a result of partial. denaturation which increases the 
affinity for water. However, Berlin (8) reported that the amount 
of water bound by denatured and undenatured whey protein was 
essentially the same. Whey proteins can trap water in the 
gel-like, filamentous network, even when denatured (62). 
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Entrapment of water by whey proteins may be one of the explanations 
for the dry appearance of the whey ice cream as compared to the 
non-whey control . 
Leighton (56) found the body and texture improved· when 
15 .6% of the non-fat mi lk solids were replaced with whey solids in 
8% fa t i ce . cream. Potter and Williams (77) demonstrated that 
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good q~ality sherbet could be made by using whey solids in place of 
the non-fat milk sol ids. · Frazeur (32) compared a partially (25 
pe rcent) demineralized dry whey with high quality and average 
quality dry wheys when used as replacements for 25% of NOH solids. 
Dry whey of average quality gave a significantly (P<0.05) low 
fl avor score, but the difference in flavor was less pronounced 
when hi gh qua l ity dry whey was used. Again, in a subsequent study, 
a l east cost formulated ice cream containing whey solidswas 
eval uated. An expert panel could not distinguish a significant 
di f ference (P<0. 05) between the whey-containing and control ice 
creams (34 ). 
Bhus ri and Jordan (9) mentioned that in texture, ice cream 
with sweet dry whey blend was as good as the control, and an acid 
whey blend i ce cream was slightly low. Also, it appeared that 
ice cream containing the sweet dry whey blend was better than the 
control according to comments of the panelists. Guy et al. (37) 
found that ice creams containing lactose-reduced sweet whey were 
more stable than the control to flavor and texture changes during 
storage. 
In contrast to the results in this study, Guy (40) reported 
that the hedonic flavor scores of ice creams containing 
lac t ose hydrol yzed whey (LHW) · and stored at -20°c, progressively 
decreased with increasing levels of LHW above 2.75% and to some 
exten~ with sto rage t ime. Ice creams with 5.5% of 67% LHW and 
8.25% of 67% LHW or 79% LHW had significantly (P<0.05) lower 
flavor .scores, and those containing 11% LHW had very 
significantly (P<0. 01) lower flavor scores. 
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Conversely, Arnold et al. (5) found that sweet dry 
whey- con t aining ice creams held at -10°F did not change 
significantly in terms of texture over 12 weeks of storage. At 
+10°F, statistically significant reduction in texture scores 
occurred at 4 weeks, probably due to high, fluctuating temperature, 
larger ice crys t als formation and lactose crystallization. The · 
results also indicated satisfactory use of up to 35% replacement 
of NDM with sweet dry whey. 
Cost Analys is 
As sta ted i n the Materials and Methods section, a certain 
amount of lac tase enzyme was used to hydrolyze the lactose; and 
subsequently less sucrose was used in mixes containing the 
hydrolyzed lactose. In experimental batches containing whey and 
lactose, sweet dry whey was used to replace NDM solids to compensate 
the higher cost of enzyme. I~ commercial processing, likely no 
substantial extra labor costs will be involved due to the 
additional step of lactose hydrolysis to the nonnal ice cream 
processing. 
In whey and hydrolyzed lactose ice creams, the cost 
va ri ab 1 es were main 1 y from 1 actas-e enzyme, sweet dry whey, and 
sucrose. Keeping the rest of the ingredient costs con·stant, 
the variation in ice cream mix costs due to addition of lactase 
enzyme and sweet dry whey replacing NDM, and use of less sucrose, 
was considered for cost analysis. The approximate cost analysis 
was based on the ingredients prices cited in monthly Dairy Record 
publication (21). 
The control (0% whey, 0% hydrolysis) was compared to other 
whey and hydrolyzed batches for cost analysis. The cost analysis 
per gal lon of ice cream is tabulated in Table 23. 
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It may be concluded from values in Table 23 at higher percent 
of lactose hydrolysi s the cost benefit is less. It happens because 
of the use of higher amounts of lactase enzyme. It was noted 
earlier that 50% hydrolyzed lactose batches were preferred to those 
with 75% hydrolysis of lactose. Also, the amount of added lactase 
enzyme was 1 ess for 50% hydrolysis 1 evel. In 25% whey level, the 
50% hydrolyzed lactose batches approximately compensated the 
enzyme cost by use of less sugar and cheaper ingredients; whereas at 
50% whey level, the 50% hydiolyzed lactose batch had approximately 
5¢ cost advantage per gallon of ice cream over the control ice 
cream. It may be concluded that the savings from the use of less 
sugar and cheaper ingredients will compensate for the lactase 
enzyme cost and the ice creams with higher levels of whey, having 
nearly identical organoleptic properties, will have a cost 
advantage over the normal ice creams. In commercial processing, 
TABLE 23. Costa analysis for . the whey and hydrolyzed batches of 
ice cream in comparison to the control. 
Cost per ga 11 one Cost advantage ·per 
Formula of ice cream ($) gallon of ice cream ($) 
Contra l 
0% hyi 1.80 0 
50% hyd l.92 -0.12 
75% hyd 2.01 -0.21 
75:25 
0% hyd 1. 72 +0.08 
50% hyd 1.84 -0.04 
75% hyd 1. 92 -0.12 
50:50 
0% hyd 1. 64 +0.16 
50% hyd 1. 75 +0.05 
75% hyd 1.82 -0.02 
aCost of ingredients from iJa i ry Record , Feb. 1981. 
bHydrolysis of lactose. 
cConsidering ten gallons of ice cream per 22.7 kg batch. 
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the amount of 1 actase enzyme ~ay _be varied, depending on the 
hydrolysis process, and there is a possibility of using less 
lactase than was used in this study. Further, immobilized lactase 
technology promises great hope for lactose hydrolysis at a 
minimum cost, permitting the use of la.ctose hydrolysis in dairy 
products to a qreater extent. 
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SUMMARY.AND CONCLUSIONS 
The aim of this investigation was to develop and· test the 
acceptability of an ice cream type frozen dairy dessert which 
contained sweet dry whey as a substantial source of milk 
solids-not-fat, along with the hydrolysis of lactose present in 
the ice cream·mix. It was thought that the normal ice cream 
manufacturing process could be _effectively used for hydrolyzed 
lactose ice cream at minimum addition of extra labor and 
equipment. 
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Based on data from chemical, physical, and sensory testing, 
the products which were produced in this study could be considered 
acceptabl e. From the experience in a semi-commercial processing 
plant with a limited number of trials, it appeared that no 
processing problems should arise. Relatively minor problems like 
"cooked flavor" and "lack of fine flavor" could probably be 
corrected by high-temperature-short-time (HTST) pasteurization. 
Also, body and texture, and overrun could be furthermore improved 
by freezing the mix in a continuous freezer. 
Large scale commercial lactose hydrolysis in connection with 
ice cream making would be possible by little addition to some of 
the processing steps. For example, lactose could be hydrolyzed 
at higher temperature (30°C) just before the pasteurization, which 
could save the 24 hours of incubation at 4°c. A specific amount 
of lactase could be used to attain the desired percent of lactose 
hydrolysis. However, commercial applicability of some of the 
products containing 50% whey _ are yet questionable because of 
the present status of commercial lactase enzyme prepa.rations with 
regulatory agencies. 
Specific Canel us ions . 
1. All the ice creams containing whey and hydrolyzed 
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lactose were within legal compositional requirements and met all 
the guidelines in the current ( 197~ standards (fat, MSNF, total 
solids, total solids per gallon and weight per gallon), except for 
the use of sweet dry whey at higher than 25% of milk solids level 
in one-th ird of the experimental ice creams. 
2. Hydrol yzed lactose products were sometimes preferred to 
the non-hydrolyzed and,in general, no differences in preference 
were recorded among the hydrolyzed and non-hydrolyzed products. 
3. Ice creams with 50% hydrolyzed lactose were preferred to 
the 75% hydrolyzed lactose product in sensory evaluation. 
4. Freezing points of the mixes containing whey and 
hydrolyzed lactose were significantly depressed (P<0.5 and 
, 
P<0.01) compared to the freezing points of control ice cream with 
NDM as the only source of milk solids-not-fat. The depression could 
easily be minimized by using corn syrup solids with lower 
. "Dextrose Equivalent" (DE) value in pl ace of dextrose. (The 
greater the DE, the greater this effect). Dextrose also lowers 
freezing point. 
5. Hydrolyzed lactose products occasionally seemed to be a bit 
sweeter than non-hydrolyzed, which indicated the possibility of 
fu rther reduc t ion of sucrose .in the mix. 
6. Hydrolyzed lactose containing products had better body 
and texture t han non-hydrolyzed products after five months of 
storage at -10°c . 
7. The body and texture, and overrun might be improved by 
freezing the mi x i n a commercial continuous freezer. 
8. Ice creams made with sweet dry whey contained 
significantly less protein than commercial ice creams. 
9. "Cooked" and 11 lack of fine flavor" defects might be 
corrected by using HTST process, rather than bulk 
pasteurization - which was used in these trials. 
10. Ash content of the ice creams containing whey and 
hydrolyzed lac tose was slightly increased. The range of 
variation of ash content was 1.016 to 1.237% among the control 
of other expe rimental batches. 
11. No sandiness defect was found in the hydrolyzed ice 
creams. The non-hydrolyzed control and whey ice creams had more 
coarse/icy body than hydrolyzed batches after five months of 
storage at -10°c. 
12. No undesirable melt-down and problems with shrinkage in 
the controls, the whey containing,and hydrolyzed lactose ice 
creams were recorded during the five months of testing. 
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13. Approximate cost analyses showed the savings from the use of 
less sucrose and cheaper ingredients compensated for the enzyme 
cost and the extra labor. In the economical view point, 50% 
hydrolysis was more reasonabl~ than 75% hydrolysis, because 
50% hydrolysis required approximately 40% less amount _of lactase 
than 75% hydrolysis. 
14; The results indicate that l~ctose hydrolysis permits 
·usage of relatively high whey solid contents in ice cream whilst 
obviating problems of la~tose intolerance and sandiness defect 
and also reducing cos± via savings in sucrose and via use of 
cheaper ingred1ents, such as sweet dry whey. It must be kept in 
mind, however, until and unless the standard of identity for ice 
cream is amended, replacement of milk solids-not-fat by sweet dry 
whey at a level of above 25% is illegal. 
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APPENDIX 
APPENDIX TABLE 1. Variances within the analysis of variance on 
the data obtained in the physical, . chemical and sensory evaluation 
of ice creams. 
Factor OF Expected mean squares 
2 
a +aboR2 
2 . k~ 2 
a RxA(B trb i~ a / ( a-1) 
2 -
0 
RxA ( B ) k- b 
2 - 2 
cr RxB(Atra ;~ e / (b-1) 
2 
99 
Rep ( R) 
Whey (A) 
Rep x vJhey 
Hyd (B) 
Rep x Hyd 
Whey x Hyd 
Rep X Whey X Hyd 
4 
2 
8 
2 
8 
4 
16 
a Rx B ( A ) k = k = b 
cr2 RxAxB +r it ~l ( a e ) 2 / ( a -1 ) ( b-1 ) 
2 
0 RxAxB 
APPENDIX TABLE 2. Possible F-tests from estimated mean squares 
for analysis of variance tabl~s for protein, ash, freezing point, 
flavor, body, and texture. 
Factor 
Whey (A) 
Hyd (B ) 
F = Whey MS 
RepxWhey MS 
F = Hyd MS 
RepxHyd MS 
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